New techniques have been developed at DESY to meet the PETRA requirements for a "smooth" vacuum system with low rf parasitic mode losses and low fabrication costs. The PETRA vacuum chambers are being made of an extruded aluminum profile with a fourchannel cross-section to accept respectively the beam, the integrated sputter-ion pumps, the water-cooling and the bake-out elements. Spark-erosion technique is being used to connect the beam and pump channels with 1000 slots per chamber. Two novel techniques have been developed to join aluminum to stainless steel by "TIG" or friction welding. The chambers will be connected by welding two bellow membranes with a special welding machine. The "smooth" transition is achieved by using a spring contact ring between the sliding chamber ends. Integrated sputter-ion pumps with two different cell diameters provide the needed pumping speed over the whole PETRA operating range. The anodes of the integrated pumps will be used to clean the vacuum system in-situ by Argon glow discharge.
Introduction
The storage ring PETRA with its circumference of 2.3 km is about an order of magnitude larger than the existing electron-positron storage rings DORIS and SPEAR. This necessitates a cost saving manufacture of the PETRA vacuum system and calls for a critical examination and modifications of the standard techniques used at present in working storage rings. In addition the expected high bunch currents in PETRA require a "smooth" vacuum system with low rf parasitic mode losses. To meet these requirements, the standard design philosophy for vacuum systems was revised, and new vacuum chamber fabrication techniques were developed at DESY. This report presents the design principles, a development summary of the new fabrication techniques, and performance data.
Standard Vacuum Chamber
The standard PETRA vacuum chamber is 7.2 m long and is made of an extruded aluminum profile. The chamber cross-section has four channels which respectively accept the beam, the integrated sputter-ion pumps, the water-cooling and the bake-out elements. specially developed Argon plasma welding machine. Fig. 4 Special Argon-plasma welding machine developed to connect in-situ two PETRA vacuum chambers.
The machine can either weld together two bellow membranes or a bellow membrane on the stainless steel collar.
All the needed aluminum-to-stainless-steel ultra high vacuum transitions in PETRA will be made by two novel techniques developed and successfully tested at DESY. They use "TIG" welding (DEPI), or friction welding (REPI), after special treatment of the stainless steel surfacesl). The resulting transitions remain tight also after many bake-out cycles up to 3500 C1). These techniques have increased the vacuum system design flexibility and reduced significantly the chamber production costs and the needed machine space. The rf "smooth" transition between two chambers is achieved by using a spring contact ring between the sliding surfaces of the chamber ends (Fig. 3) . This transition has been successfully tested with rf up to 2000 A peak current and r.m.s currents well above 100 A. Provisions for an electrical bake-out in-situ up to 1500 C are made by using standard cylindrical heating elements embedded in the outer channel of the chamber profile (Fig. 1) . It is hoped, however, that the necessary vacuum can be reached without such a bake-out.
Integrated Sputter-ion Pumps Special integrated sputter-ion pumps giving sufficient pumping speed in the whole PETRA working range have been designed and intensively tested. They consist of two types of elements with different cell diameters (32 mm and 17 mm). The large cells with 32 mm diameter can work at low magnetic fields and also in the inhomogeneous region of the dipole stray fields. Fig. 6 gives the measured pumping speed per vacuum chamber over the whole PETRA operating range. Special integrated sputter-ion pumps have also been designed for the experimental regions, using the magnetic field of the interaction quadrupoles and the detector magnets. These pumps give sufficient pumping speed without reducing the space needed for the experiments. Pump-down Philosophy In addition to the static thermal outgassing of the vacuum chamber, the pumping system must cope with gas desorbed from the chamber walls by photoelectrons liberated by synchrotron radiation2p3p4). Due to the large PETRA bending radius (192.05 m), the synchrotron radiation strikes the chamber at a rather small angle ("R20 mrad), thus enhancing the photoelectron production and hence the gas production. It is imperative, therefore, that the vacuum chamber's inner surfaces be as clean as possible to minimize the initial photoelectron induced gas desorption to an acceptable level. It has been shown at DESY by measuring the electron impact desorption, that a bake-out at 1500 C cannot clean the chamber surfaces from those tightly bonded gas molecules, that are normally desorbed by synchrotron radiation5). These molecules, however, can be desorbed by an Argon glow discharge J. It is tFerefore proposed and was already tested on chamber prototypes, to clean the PETRA vacuum chambers in-situ with Argon glow discharge using as ignition electrodes the anodes of the integrated sputter-ion pumps. It has been shown that the discharge can be made to spread through the pump slots into the beam channel. Electron induced desorp-tion coefficients as low as 1C-5 molecules/electron for H2, CH4, CO and C02 were measured after 1 h discharge cleaning with 1 A/m discharge current. This is better by more than 3 orders of magnitude than what can be accomplished with thermal outgassing only. Suitably designed insulators for the anodes show no current leakage even after 200 h discharge operation.
The power dissipated in the0discharge raises the chamber temperature to X' 70 C thus giving a light bake-out. Thermal outgassing of implanted Argon was negligible, being lower than 5 x 10-13 Torr lit/sec cmZ at ambient temperature. This cleaning technique will also be applied in the experimental regions by using special copper electrodes.
